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ABSTPCT
ThIspaper presents a comparative analysis of productivity growth in the
U.S. and Japanese electrical machinery Industries in thepostwar period. This
industry has experienced rapid growth in output and productivity andhigh rates
of capital formation in both countries. A substantialamount of R&D resources
of the total manufacturing sectors in both countries isconcentrated In the
electrical machinery Industry. Also, this industry hasan active export orien-
tation in both countries.
The analysis of the paper is based on dynamic factor demandmodels
describing the production structure and the behavior of factor inputsas well as
the determinants of productivity growth in the U.S. andJapanese electrical
machinery Industry. The analysis shows that the production structure of the
industry in both countries is characterized by increasing returns toscale; the
factors of production do respond to changes In factorprices; and the existence
of a pattern of substitution and complenientarityamong the inputs. The main
sources of productivity growth are: growth in materials; technicalchange; and
capital accumulation. R&D expenditures have also contributedsignificantly to
growth of labor and productivity while the most important source of totalfactor
productivity in this industry for both countries has been the scale effect
followed by changes in technical progress.
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During the 1970's the growth rates of labor productivity in theJapanese
manufacturing sector dramatically exceeded those in the United States,
particularly in such key industries as primary metals, chemicals, electrical
machineryand transportation equipment. This enabledthe Japaneseto reach
and eventually surpass levels of U.S. labor productivity in theseindustries
(Grossman (1985)). Although each of these industries isa key competitor to
the U.S. high technology industries in both the U.S. domesticand in the world
market, the electrical machinery industry stands out In certainrespects. It
has experienced very rapid growth In output andproductivity and high rates of
capital formation both in the U.S. and Japan. Also, a substantial amount of
R&D resources -over20% of total R&D expenditures in total manufacturing —Is
concentrated in this industry In both countries. Furthermore,Japan has
increased its share of free world export in electricalmachinery from 22% in
1971 to 148% in 1981 as well as dramatically increased its share of U.S.
imports of electrical machinery products over the same period (Grossman
(1985)).
Because of these characteristics, we have chosen toexamine the
productivityperformance of this Industry In the U.S. and Japan. The analysis
is based on a dynamic factor demand model. Sinceoutput growth has been
fairly high in the electrical machinery industry both in the U.S. andJapan,
we have not imposed a priori constant returns to scale. Returns to scaleare
estimated from the data. Furthermore, we allow some of the input factorsto
be quasi—fixed and model adjustment costs explicitly. Since therate of R&D
investment in the electrical machinery industry has beenvery rapid, we have
also incorporated R&D explicitly as one of the inputs. Other factorinputs
considered are labor (hours worked), materials and capital. Using the—2--
structural parameter estimates, we analyze the sources of growth in output,
labor productivityand total factor productivity.
The paper is organized as follows: In Section II we provide a brief
description of the behavior of productivity growth as well as inputs and
outputgrowthin the electrical machinery industries of the U.S. and Japan.
Section III describes the properties and structure of our analytical model.
In Section IV we describe the results obtained by estimating the model using
annual data. We report output and price elasticities of the variable and
quasi-fixed factors of production in the short, intermediate and long—run and
calculate the speeds of adjustment of the quasi—fixed factors —physicaland
R&D capital. Section V is devoted to the examining the sources of output and
factor productivity growth rates. This analysis is based on our estimates of
the production technology. Summary and conclusions are offered in Section VI.
The data description iscontainedin an appendix.
II.Some Descriptive Characteristics
In this section, we provide a brief description of total andpartial
factor productivity growth andthe growth ofgrossoutput, labor, materials,
capital and R&D in the electrical machinery industry for the perIods 1968—73
and 1971479• Werefer to these periods as the pre—OPEC and post—OPEC periods,
respectively.
Average growth rates for gross output and factor inputs for the two
periods are given in Table 1. For the pre—OPEC period the growth rates were
extremely high for Japan in comparison to the U.S. However, in the post-OPEC
period, the Japanese electrical machinery industry experienced a substantial
drop in rates of growth of output and of most inputs.For example, the
average output growth rate declined from 1 6.9% to 6.4% for Japan while
increasing from 14.2% to Q9% in the U.S.Still, the level of output growthTable 1: Average Annual Rates of Growth ofOutput andInputs inthe U.S. and Japanese Electrical Machinery Industries




1968—73 14.216.9—0.5 14.33.3 1)4.8 51411.24 5.319.2
197)4-79. 14.9 6.14 1.14-2.52.1 2.5 14.36.5 1.711.24
rates for the Japanese industry remained highcompared to the U.S. industry.
The average growth rate of capital over the period 1968—73was twice as high
in Japan as in the U.S. even though the U.S. industryexperienced a healthy
5.14% per annum growth rate over this period. However,Japan's rate of growth
in capital formation decelerated by more than 140% after1973. Materials input
grew much faster in Japan than in the U.S. in the pre-OPEC period, butagain
Japan experienced a dramatic slowdown in the growth rate of thisinput during
the second period.
As indicated in Table 1 the R&D stockgrew at a much more rapid rate in
Japan than in the U.S. in both periods, reflecting thevery high rate of
growth in R&D investment in Japan. In both the U.S. and Japanese electrical
machinery industries the growth in the stock of R&D slowed down in the 19714-79
period.
The growth rate of labor measured in hours worked showsa dramatically
different pattern in the two countries since 1973.It increased from —0.5% in
1968—73 to 1.14% in 19714—79 in the U.S. while in Japan thegrowth in this input
declined from 14.3% to an actual reduction of -2.5%.This phenomenon is
consistentwith the general pattern of employmentinthe two countries: Japan




experiencedincreases in employment in most industries (Griliches and Mairesse
(1985) and Norsworthy and Malmquist (1983)).
As demonstratedby Table 2,an important characteristic of the electrical
machineryindustry in both countries is the highratioof R&D investment in
output. While the ratio of capital investment in valueadded or grossoutput
in this industry is generally lower than in total manufacturing, the opposite
is true for R&Dinvestment.The R&Dratiosin the electrical machinery
industry are two to three times as large as those intotal manufacturing. It
is also important to note that in the U.S. electrical machinery industrythe
R&D investment ratios are considerably higher than the capital investment
ratioswhile the opposite is true in Japan.
Total and partial productivity growth rates based on a gross output
measurementframework are shown in Table 3.Bothtotal arid labor productivity
growth rates were much higher in the Japanese electrical machinery industry
than in the U.S.2 This was particularly true in the pre—OPEC period. Unlike
the aggregate manufacturing sector (Norsworthy and Malmquist (1983)), total
factor productivity wasrisingin this industry in the two countries over the
twoperiods. The differences in the growth of labor productivity in the
industries of the two countries are substantial. In the U.S. labor
productivity grew about 14.7%in1968—73 and declined to 3.5% in 19714—79; in
Japan the corresponding growth rates are12.6 and 8.9, respectively.
Substantial improvements in materials productivity in this industryinboth
countries in the post—OPEC period arealsonoted.
Thus,the elements of'the so—called Japanese productivity "miracle" can
also be observed in the electrical machinery industry: High rates of labor
productivity growth accompanied by rapid growth rates of output, an other
inputssuch as materials,capitalandR&D before 1973 and diminishingbutTable 2. Ratio of Investment Expenditures in Capita].and TotalR&DtoGross
Output and Value Added in the U.S. and Japanese Total Manufacturing Sectors
andElectricalMachinery Industries: 1970 and1980(in percentages).
InvestmentExpenditures Investment Expenditures










1970 7.1430.0 5.8 2.9 3.59.8 2.70.9
1980 914 18.5 5.7 14.0 3.85.6 2.31.2
Electrical Machinery Industry
1970 5.521.1 16.9 8.0 3.1 7.14 9.52.8
1980 8.618.0 12.8 9.14 4.86.9 7.13.6
Table 3:Average Annual Rates of Growth of Total and PartialFactor Productivity
forthe Periods 1968—73 and 19714—79 in
















1968—73 1.8 14.1 4.7 12.6 0.9 2.1 —1.25.5 —1.1—2.3
19714—79 2.9 145 3.5 8.9 2.8 3.9 0.6—0.1
still very high rates of laborproductivity growth after 1973accompanied by a
substantial fall—off in the growth rates of output and other inputs. To
explore the reasons for these productivity patterns, we proceed to estimate




Consider a firm that employs two variable inputs andtwoquasi-fixed
inputsin producing a single output from a technology with internal adjustment
costs.Specifically, assume the firm's production function takes theform:
(1) =F(Vt,Xt_i,Xt,Tt)
where denotes gross output, V [Vit,V2t]' is the vector of variable
inputs, X =[Xit,X2t]'isthevector ofend—of—periodstocks of the quasi—
fixed inputs and Ttisan exogenous technology index. The vector
X
—X_1representsthe internal adjustment costs in terms of forgone output.
Thefirm's input markets are assumed to be perfectly competitive. It
provesconvenient to describe the firm's technology in terms of the normalized
restricted cost function defined as G(Wt,Xti,Xt,Yt,Tt) =it
+WV2.Here
and V2 represent the cost—minimizing amounts of variable inputs needed to
produce the output 't conditional on and anddenotes the price of
normalized by the price of V1. The following properties of the
normalized restricted cost function follow from Lau (1976): Gx < 0,
3
Gx>0, Gy > 0, G > 0; furthermoreG(•) is convex in and and concave in
3
wt.
Given the presence of large firms in the electrical machinery industries of
boththe U.S. and Japan we do not impose apriori constant returns to scale.
Rather,we allow the technology to be homogeneousof (constant)degree p and
determine pfromthe data.3Resultsfrom 1adiri and Prucha (1984) imply that if
F() ishomogeneousof degree p, the corresponding normalized restricted cost




Inthe empirical analysis, we take labor (hours worked), L, and
materials,'M, as the variable factors andthestocks of capital, K, and
researchand development.,R,as thequasi—fixed factors. We adopt the
convention V L, V2M, X1 =Kand X2 =R;W is the real wage rate; the
price of materials is the nuineraire. We specify the following functionalform










czK aKW aKT aKK aKR 0 a ,b ,c , ,B=
aRW aRlf aKR aRR
In light of the above discussion, we can view (3) as a second order
approximation to a general normalized restricted cost function that
corresponds to a homogeneous technology of degree p. Expression (3)isa
generalizationof the normalized restricted cost function introducedby Denny,
Fuss andWaverman(1981) andMorrisonandBerndt(1981) for linear homogeneous
technologies. Nadiri andPrucha(1 98'U have generalized that function to
homothetictechnologies. As in these references we imposeparameter
restrictions such that the marginal adjustment costsat =0are zero.In
theempirical analysis we take Tt =t,i.e. technical change, other than that
reflected by thestockof R&D, is represented by a simple time trend. The
convexity of G(•)in X1and and concavityin W imply the following
inequality parameter restrictions:
() aKK> 0, aRR > 0, aKKQRR —aKR> 0,
a<O.—8--
Weassume that in each periodt,for given initial stocks X_1, the firm
derives an optima-i input path such that the presentvalue of the future cost
stream is minimized and chooses the inputs in periodt accordingly. We also
assume static expectations on relative factor prices,output and the
technology. Accordingly, the firm's optimum problemin period t can be
written as:
(5) mm PVC =t[Gt,
+ +6RRt_T_1)l(1ut)
{Kt+ Rt+T}T0 +t't+ +KKt+t_1(1÷r)
with Gt,1G(Wt,Kt+_l,Rt+_1,Kt+t,Rt÷t,Yt,Tt). Here Q andQ denote,
respectively, the acquisition price of capital and R&D, OKand 6Rdenote,
respectively, the depreciation rates of capital and R&D, utis the corporate
taxrate and r is the constant (real) discount rate. Expectations are
characterized with a "".Wemaintain W =W.,Q =Qand =Q.
R&D
expenditures are assumed to be expended immediately.The minimization problem
(5)representsa standard optimal control problem. Its solutionis well known














aKR K + + aTt+C 1 1
R LKRaRR aR +aRWWt
+aRTTt
+C
withC =Q(r +Sk)/(1—ut)and C =Q(r+OR). The matrix of accelerator
coefficientsM =(m1),=K,Rhas to satisfy the following matrix
equation,—9—
(7) BM2+(A+rB)M-A=O;
furthermore the matrix C =
= K,R—BM is symmetric and negative
definite. Unlesswe impose separability in thequasi—fixed factors, i.e.
aKR0which implies mKfl0, (7) cannot generally besolved for M in terms
of A and B. We can, however, solve (7) for Ain terms of M and B:
ABM(M +rI)(I—MY1.Since the real discount rate r was assumed tobe
constant, M is constant over the sample. Hence, instead ofestimating the
elementsofA and B we a mayestimate those of M andB.Such a
reparameterizationwas first suggested by Epstein andYatchew(1985) for a
somewhatdifferent model with a similar algebra.Mohnen, Nadiri and Prucha
(1985)used such a reparameterjza within thecontext of a constantreturns
to scale model. To impose thesymmetry of C we can also estimate B and C
instead of B and M. Let D(d)1 =K,R
=—MAand observe that A =C—
(1+r)[B—B(C+B'BJand thatD =B1+(1+r)(C—rB1is symmetric.Itis






























dKR—(l+r)cKR/e, ande(CKK -ra)RR —r)-
CKR.—10—
The firm's demand equations for the variable factors can be derivedfrom the
normalized restricted cost function via Shephard's lemma as Lt G,o/3Wand
Mt = — WtLt:
(9) LtLaw+ + açT]' + + aRWRt_1























Thecomplete system of factor demand equations consistsof (8) for the quasi
fixed factors and(9)forthe variable factors.
IV.EmpiricalResults
Inthis section, we report the structural. parameter estimatesfor the
electrical machinery industry in the U.S. and Japan as well asestimates for
the short, intermediate and long—run price and output elasticities.
IV.1Parameter Estimates
We note that system (8) and (9)isnonlinear in both parameters and
variablesand manyof theparameters appear in more than one equation.For
theempirical estimation, wehave added a stochastic disturbance term to each
ofthe factor demand equations.-11-
A detailed description of the data sources and the variables of the model
is given in the appendix. The data on gross output,materials, labor, capital
andR&D are inconstant 1 972 dollars andyenandhavebeen normalized by their
respective sample means. Prices were constructed conformably. Expectations
on gross output were calculated as follows. We first estimate a first order
AR process for output which is then used to predictY rationally. We employed
the full information maximum likelihood estimation methodand, when necessary,
corrected for first order autocorrelation of the disturbances. We used TSPas
the estimation package.
Table 14ethibitsthe parameter estimates. As indicated by the scp.iared
correlationcoefficients between actual and fitted data, the estimated factor
demand equations seem to fit the data quite well. (Fitted valuesare
calculated from the reduced form). For both the U.S. and Japan thesquared
correlationcoefficient issomewhat low for the labor demand equation. The
parameterestimates are, in general, statistically siiificant. For both the
U.S.and Japan, the parameter estimates satisfy the theoretical restrictions.
Inparticular, the estimates for c, 0RR and are negative and those for
and(cKKcRR —CKR)are positive. The variables underlying the
estimates for the U.S. andJapaneseelectrical machinery industry are, as
explained above, measured in different units. Hence, a direct comparison of
individual parameter estimates is difficult. However, we do calculate various
unit—free characteristics that allow a meaningful comparison.—12—
Table14:Full Information Maximum Likelihood Estimates of the Parameters of
the Dynamic Factor Demand Model for the u.S. and Japanese Electrical Machinery
Industries: 1960 —1980and 1968—1980
Parameters United States Japan
o 1.83 (7.140) 1.145 (18.114)
p 1.21 (17.23) 1.39 (13.20)
cIK —0.95 (3.13) —0.147 (2.89)
dR —0.65 (1.85) —0.67 (7.82)
ci —0.19 (14.147) —0.05 (0.75)
aRT 0.22 (3.03) —0.02 (5.66)
°KK —2.05 (3.07) —0.58 (8.77)
CRR —2.10 (1.90) —0.114 (799)
°RK 0.15 (0.714) 0.01 (1.514)
aj'çj 8.70 (3.06) 2.57 (14.92)
a 13.80 (1.63) 1.11 (5.15)
w 1.91 (25.141) 1.33 (10.01)
ww
—0.148 (3.66) —0.81 (3.13)
aWK 0.29 (2.59) 0.39 (14.65)
a —0.52 (14.62) 0.02 (1.147)
cz' —0.28 (6.89) —0.142 (14.143)
Logof likelihood 222.1 1147.14
M —Equation: R2 0.87 0.914
L —Equation: R2 0.65 0.75
K —Equation: 0.99 0.99
R —Equation: 0.99 0.99
*Absolute values of the asymptotic ?!tratios are given in parentheses. The
R2 values correspond to the squared correlation coefficients between the
actual M, L, K, R variables and their fitted values calculated from the
reduced form.—13--
Ingeneral the adjustment cost coefficients and are significantly
different from zero. They determine crucially the investment patterns of the
quasi—fixed factors via the accelerator coefficients. Omitting those terms
wouldnot only have resulted in amipecification of the investment patterns
but also (in general) in inconsistent estimates of theother technology
parameters. Table 5shows the estimates for the accelerator coefficients
mKR, mRK and mRR. These coefficients have been calculated from the estimates
in Table 14 observing that M —BC. For both the U.S. and Japanese .4J1
-
electricalmachinery industry we find thatthecross—adjustment coefficients
A
mand m (as well as c) are very smallinabsolute magnitude and are not
significantly different from zero at the 95percent level. Indescribing the
adjustment speed, we can therefore concentrateon the own-adjustment
coefficients mKK and mRR. As afirst observation we note that the obtained
estimatesare quite similar across countries. For both the U.S. and Japanese
industries capital adjusts faster than R&D. While capital closes
approximately one fourth of the gap between the initial andthedesired stock
in the first period,R&D onlycloses approximately one seventh of its gap. We
note that those adjustment speeds are consistent with earlier results obtained
by Mohnen, Nadiri and Prucha (1985) f or the total manufacturing sectors of the
two countries.
As remarked earlier, our specificationdoes not impose a priori constant
returns to scale. Rather we estimate the scale elasticity (represented by p)
from the data. For both countries, we find substantial and significant scale
effects in the industry. For the U.S., our estimate for the scale elasticity
is 1.21; for Japan we obtained a considerably higher estimate of 1.39. As we-114--
Table 5: Full Information Maximum Likelihood Estimates of the Accelerator




United States 0.236 —0.017 —0.011 0.152
(8.55) (0.66) (0.68) (6.82)




*Absolute values of the asymptotic "t"—ratios are given in parentheses.
explainin more detail in section V, this difference in scale elasticities
will translate into substantial differences in productivity growth. It is
also interesting to note that, contrary to our finding of increasing returns
to scale at the industry level, Griliches and Mairesse (1985) find decreasing
returns to scale in the U.S. and Japanese total manufacturing sectors at the
firmlevel.
IV.2Price and aitput Elasticities
The own— and cross—price elasticities of labor, materials, capital and
R&D for 1976arereported in Table 6. The elasticitiesare calculated for the
short(SR), intermediate (IR) and long—run (LR) for the each input for the
electrical machinery industry in both Japan and the U.S.5 All of the own-
price elasticities have the expected negative sign. The magnitudes of the
elasticities are fairly similar between the two countries.In theU.S. the
own—price elasticity of labor is the largest among the inputs followed by
materials, R&D stockandcapital stock. InJapan,with minor exceptions, the-15-
Table 6: Short—Run, Intermediate—Run, and Long—Run PriceElasticities in the




CMWM —0.32 —0.140 —0.611 —0.014 —0.18 —0.6)4
CMWLI 0.36 0.141 0.65 0.09 0.15 0.36
CMCK —0.01 0.02 0.09 —0.02 0.011 0.20
CMCR —0.01 —0.02 —0.08 —0.03 —0.01 0.09
CLWM 0.117 0.55 0.90 0.37 0.51 0.85
CLWL —0.118 —0.58 —1.12 —0.38 —Q•14J4 —0.57
CLOK —0.02 —0.06 —0.06 —0.23
CLCR 0.0)4 0.27 —0.01 —0.05
c1M 0.10 0.17 0.38 0.27 0.146 0.99
CKWL —0.05 —0.09 —0.17 —0.13 —0.23 —0.118
KcK —0.0)4 —0.08 —0.18 —0.114 —0.2)4 —0.119
EKCR —0.01 —0.01 —0.011 —0.01 —0.01 —0.02
—0.05 —0.09 —0.27 0.19 0.33 0.91
RwL 0.11 0.20 0.65 —0.05 —0.08 —0.23
CRCK —0.01 —0.01 —0.03 —0.01 —0.01 —0.014
EROR 0.06 —0.10 0.314 0.114 0.211 0.65
*
Zs is the elasticity of factor Z =materials(M labor (L), capital (K) and R&D(R)with res,pect to s =priceof materials (w ),labor(WrO, capital
and R&D (0fl)Thesymbols SR, IRandLR refer to the short, intermediate
andlong-run.16—
samepattern holds; the quasi—fixed inputs, capital and R&D,seemto have a
higher own—price elasticity in the Japanese than in the U.S. electrical
machineryindustry.These results aresimilarto those reported for the total
manufacturing sectorsofthe United States and Japanin Mohnen, Nadiriand
Prucha (1985).
Althoughthe cross—price elasticities are generally small in comparison
to own—price elasticities, some of the elasticities are sizable. The
elasticities of materials and R&D with respect to the wage rate, and the
elasticities of labor, R&D, and capital Inputs with respect to materials
prices are quite large in both countries. Materials are substitutes for other
inputs, except for R&D the U.S.. Labor and R&D are substitutes in the U.S
and weak complements in the Japanese electrical machinery industry. Labor and
capital andcapitalandR&D are complementsin both countries.
The outputelasticities of the inputs for 1976 are shown in Table 7. The
long—run elasticities ofthe inputs are .8 and .7,respectively, for the U.S.
andJapan implying fairly sizable economies of scale. The results are
consistent with Fuss and Waverman (1985), NadIrl and Prucha (19814) and Nadiri
and Schankerman (1981). The patterns of the output elasticities, particularly
in the U.S., indicate that the variable factors of production, labor and
materials. resoond strongly in the short—run to changes in output. The reason
is, that bcth labor and materials in the U.S. and materials in Japan overshoot
their long run equilibrium values in the short—run to compensate for the
sluggish adjustments of the quasi-fixed factors. They slowly adjust toward
their long—run equilibrium values as capital and R&D adjust. The output
elasticitiesof capital and R&D aresmall th the short-run but increase over
timeand are quite similar. At least in the short and intermediate runs the
output elaaticities of both the variable and the quasi—fixed factors-17--
Table 7: Short—Run, Intermediate—Run, and Long—RunOutput Elasticities in the
U.S.and JapaneseElectrical Machinery Industries:1 976 *
Elasticity UnitedStates Japan
SR IR LR SR IR LR
E2 1.19 1.07 0.82 1.06 0.99 0.72
Cry 1.07 1.06 0.82 0.39 0.145 0.72
Cjçy 0.20 0.314 0.82 0.20 0.314 0.72
CRY 0.114 0.214 0.82 0.15 0.26 0.72
*
CZY is the elasticity of factor Z =materials(M), labor (L), capital (K) and R&(R) with respect to output (Y). The symbols SR, In andLRrefer to the short, intermediate andlongrun.
substantiallyexceed their own—price elasticities. Surprisingly,except for
the labor input, the patterns of inputresponses are similar in both
countries.
Thus, the production structure of the electrical machineryindustry in
the two countries, characterized by the patterns of factorinput substitution
andcomplementarityas well as the degree of scale, is qualitatively similar.
Quantitatively there are some differences in scaleandin the responses of
inputs to changes In prices and output in the two industries. Both industries
are characterized by increasing returns to scale. However, theJapanese
industryhas a higher scale which substantially influences itsproductivity
growth.
V. Productivity Analysis
Using the estimates of the production structure, we can quantitatively
examine the sources of output and productivitygrowth. Thecontributions of—18—
thefactor inputs, technical change, andadjustmentcosts to output growthare






with Z1 =L,Z2 =M,Z3 =K_1,Z =R_1,Z5tK and Z6 =iR.The
1
denote the respective output elasticities and PGYt =(1/Y)(aF/t)denotes
technical change. The output elasticities are computed from the structural
parameterestimates ofthe restricted cost function using standard duality
theory.For both variable and quasi—fixed factors those output elasticities
exceed long run cost shares because of increasing returns to scale. For the
quasi-fixed factors there is an additional element due to the adjustment
costs. The contribution of each of the variables in (10) is calculated by
multiplying the respective (average) elasticities with the growth rate of the
corresponding variable.
As shown in Table 8 the average growth rate of gross output was very
rapid in Japan in the period 1 968—73 but growth decelerated substantially in
the period 19714—79.For the U.S., output growth rates were similar In the
two periods. The contributions of various inputs to the growth of output
differ considerably between the two periods and the two industries. The most
significant source of grossoutput growthis the materials growth,
particularly in Japan. The contribution of' capital is larger in Japan than in
the U.S. but falls in both countries over the post—OPEC period. The R&D stock
contributessignificantly to the growth of output in bothindustries. In the
post-OPEC period its contribution falls in the U.S. but remains the same for
Japan. The large contribution of R&D to the output growth may come as a
surprise, but canbe explainedby two factors. First, the shareof R&D
investmentingross output, as noted earlier, is very high in the electrical—19—
Table 8:Sources of Output Growth for the U.S.
andJapaneseElectrical Machinery Industries:
Average Annual Rates of Grth (in percentages).
Gross Labor Materials Capital R&DAdjustment Cost Technical
Output Effect EffectEffect Effect Capital R&DChange Residual
UnitedStates
1968— 14.2 —0.214 1.83 0.87 1.18 0.06 0.12 0.73 —0.32
1973
19714— 14.90.39 1.06 0.69 0.31—0.09 0.014 0.86 1.67
1979
Japan
1968—16.9 0.914 111.32 2.12 0.70—0.26 —0.3141.55 —2.11
1973
197)4— 614—0.66 2.08 1.10 0.72 0.09 —0.12 2.55 0.69
1979
-
machineryindustry of both countries; second, the marginal productivity of
R&D, because of the relative larger adjustment costs and the considerable
degree of scale, is fairly large in the two Industries. The direct
contributions of the adjustment costs are fairly small, as one would expect.
The contribution of technical change is clearly important in explaining the
growth of output in both industries. Its contribution is twice as large in
Japan as In the U.S.
In Table 9weprovide a decomposition of labor productivity growth.The
results are based on the approximation:-20—
Table 9:DecompositiOnof Labor Productivity Growth in the US. and
the Japanese Electrical Machinery Industries:
Average Annual Growth Rates (in percentages).
Labor
Produc- Labor Materials Capital R&DAdjustment Cost Technical
tivity Effect EffectEffect EffectCapital R&D ChangeResidual
UnitedStates
1968—14.68 -0.0142.07 0.91 1.28 0.06 0.12 0.73 —0.1414
1973
19714—3.56 0.15 0.143 0.37 0.12 —0.070.040.86 1.66
-1979
Japan
1968—12.630.8110.214 1.33 0.56-0.13—0.261.55 —1.148
1973










where p is the scale elasticity. This approximation is readilyobtained from
(1 0) by noting that the sum of the output elasticities must equalscale. In
the decomposition of labor productivity, the most siificantcontribution
again stems from the growthofmaterials, particularly in Japan. The
contributionofphysical capital is important. In comparisonto the results
reported by Norsworthy and Malmquist (1983) for the total manufacturing
sector, its contribution is somewhat larger for the U.S. but substantially
smaller for Japan. The contribution of R&Dissomewhat smaller and rising for—21 —
Japan.For the U.S. the contribution of R&D is very substantial in thepre—
OPEC period but only marginal in the post-OPEC period. The direct
contribution of adjustment cost is again small. Thecontribution of technical
changeis very substantial (in particular in Japan) and rising in both
countries. The last term on the R.H.S.of(11) follows from the fact that
scale is not equal to one. The contribution of this term to labor
productivity isshown in the second column of Table 9. Its effect is positive
inJapan in the pre—OPEC period and negative in the post-OPEC period. The
opposite is the case for the U.S.. This reflects the growth pattern of the
labor input in the two industries over the two periods.
Denny,Fuss, Waverman(1981) haveshown that if all factors are variable
the traditional measure of total factor productivity (using cost shares)
can be decomposed into two components: One attributable to scale and one to
technicalchange. A similar decomposition exists for ourcostofadjustment
technology(Nadiri andPrucha(1 984)).In particular, we candecomposethe





where POX =(1/p)PGY.The first term on the R.H.S. of (12) represents the
scale effect and the second term the effect of technical change on the growth
of total factor productivity. The term is attributable to the fact that in
short-run temporary equilibrium, the rate of technical substitution between
the quasi—fixed and variable factors differs from the long run price ratios.
We will refer to as the temporary equilibrium effect. The term 2 reflects
the direct adjustment cost effect in terms of forgone output due to the
presence of K and R in the production function. We will refer to 2 as the
direct adjustment cost effect. The exact expressions for and 2 are given
in Nadiri and Prucha (19814).—22—
Table10: Decomposition of Total Factor Productivity Growth in the U.S. and
Japanese ElectricalMachinery Industries forRespective Sample Periods(in
percentages).
U.S. (1960—1980) Japan (1968—1980)
Total Factor Productivity 2.0k )4.714
Scale Effect 1.04 3.38
Temporary Equilibrium Effect 0.28 0.16
Direct Adjustment Cost Effect 0.03 -0.014
Technical Change 0.60 1.149
Unexplained
Residual 0.10 —0.214
Table 10presents the decomposition of total factor productivity based on
(1 2) for the sample periods used in estimating the production technology of
the U.S. and Japanese electrical machinery. The scale effect is, by far, the
most important contributor to total factor productivity growth. This is
particularly the case in the Japanese industry where the output growth was
very rapid and the estimated degree of' scale is larger than in the U.S.
industry. The temporary equilibrium effect, ,isfairly large in the U.S.
and about twice as big as in the Japanese electrical machinery industry. The
direct effect of the adjustment costs, 2' is negligible. The combined effect ' and2 due to the adjustment costs is 15 and 14 percent of the measured
total factor productivity for the U.S. and Japan, respectively, and hence not
negligible in particular for the U.S. Consequently, if zero adjustment costs
wouldhave been imposed a nonnegligible portion of measured total factors
productivity would have been misclassified. In addition, inconsistency of the
estimates of the underlying technology parameters would have distorted the
decomposition of total factor productivity.The contribution of technical—23-
changeto the growth oftocal factorproductivity is second only to the
scale effect. For each of the sampleperiods the unexplained residual is
small.
VI.Conclusion and Summary
Inthis paper, we have modeled the productionstructureand,the behavior
offactor inputs, andanalyze thedeterminantsof productivity growth in the
U.S.andJapaneseelectrical machinery industry. These industries have
experienced a very high rate of growth ofoutput, aretechnologicallyvery
progressive (measured by the rate of expenditureson R&D) andarehighly
competitive in the domestic U.S. andinthe world markets. Our model allows
forscale effects and the quasi—fixity ofsome of the input factors. It also
incorporates R&D to capture the high technology feature ofthe industry.
Other inputs considered are labor, materialsand physical capital. We have
also allowed for exogenous technicalchange using a time trend. The model was
estimated using annual data from 1960—1980 and1968—1980 for the U.S. and
Japan, respectively.
The main results of thispaper can be summarized as follows:
(i)Theproduction structure oftheelectrical machinery industry in both
countriesis characterized by increasingreturns to scale; the Japanese
electricalmachinery industry exhibits higher returns to scale than the U.S.
industry. The responses of the factors of production tochanges in factor
prices andoutputin the short, intermediate andlong-runare similar.
Materials are found to be generally substitutes forother inputs. Other
inputs aregenerallycomplements except for labor andR&D inthe U.S.
industry. Capital andR&Dare foundtobe quasi—fixed and their adjustment
speedsarefound to be similar across countries. The stock ofcapital
adjusts much faster than the stock of R&D.—2 —
(ii)The elements of the so—called Japanese productivitymiracle noted by
others are, to a large extent, present in the electricalmachinery industry:
High rates of labor productivity growth accompanied byrapid output growth
andinputgrowth before 1973anddiminishing but still high rates of labor
productivityafter 1 973 accompanied by a substantial slowdown inthe growth
rates of output and factor inputs.
(iii) Based on the structural estimates of our model, we identifythe
following sources of growth of output and labor productivity:
a)The most important source of output and labor productivity growthis
the growth of materials for both pre-OPEC and post-OPEC periodsin both
countries. Technical change and capital were found to be thenext most
important factors. For the U.S., capital'scontribution exceeds that found
at the total manufacturing level; the reverse is true for Japan.
b)Consistent with the high ratio of R&D expenditures to gross outputin
the electrical machinery industry, we find significantcontributions of
R&D to both output and labor productivity growth.
(iv)The most important source of growth in total factor productivityfor
both countries is the scale effect. This is particularly truein Japan due
to the higher scale elasticity and higher rate of growthof output.
Technical change is the second most important contributor. Inthe context
of our dynamic model the rate of technical substitution forthe quasi—fixed
factors deviates in the short—run from thelong—run relative price ratios.
Thissource also explains part of the traditional measureof total factor
productivity.—25—
Our model provides a richer framework for theanalysis of productivity
growth than some of the conventional approaches byincorporating dynamic
aspects, nonconstant returns to scale, and R&D. The omission ofdynamic
aspects will typically result in inconsistent estimates of thetechnology
parameters and a misallocation in the decomposition of total factors
productivity growth. However, a number of issues remain unresolved:
(i)Given the rapid expansion of the electricalmachinery industries in the
U.S. and Japan, it seems important toexplore the effect of nonstatic
expectations on the input behavior and its implications forproductivity
growth analysis.
(ii)It may also be of interest to explore a moregeneral lag structure for
the quasi—fixed factors and to adopt amore general formulation of the model
that allows for scale to vary over the sampleperiod.
(iii) A further area of research is thedecomposition of labor into white and
bluecollar workers andthemodeling of white collar workers as potentially
quasi—fixed. Thequasi—fixityoflabor may be particularly important in
Japan where employment is considered fairly long-term.
(iv)Finally, an important extension of the model would be toincorporate
explicitlythe role ofdemand and thereby analyse the role of the
utilisationrate on productivity growth.—26—
Appendix:Data Sources and Construction of Variables
U.S. Electrical Machinery Industry
GrossOitput: Data on gross output in current and constant1 972 dollarswere
obtained from the U.S. Department of Commerce, Office of Business Analysis,
(OBA) database and correspond to the gross output series of the U.S.
Department of Commerce, Bureau of Industrial Economics (BIE). Gross output is
defined as total shipments plus the net change in work in process inventories
and finished goods inventories.
Labor: Total hours worked were derived as the sum of hours worked by
production workers and nonproduction workers. Hours worked by production
workers were obtained directly from the OBA database. Hours worked by
nonproduction workers were calculated as the number of nonproductiori workers *
hoursworked per week *52.The number of nonproduction workers was obtained
from the OBA database. Weekly hours worked of nonproduction workers were
taken to be 39.7. A series for total compensation in current dollars was
calculated by multiplying the total payroll series from the OBA database with
the ratio of compensation of employees to wages and salaries from U.S.
Department of Commerce, Bureau of Economic Analysis (1981, 1984).
Materials: Materials in current dollars were obtained from the OBA database.
Materials in constant 1 972 dollars were calculated using deflators provided by
the U.S. Department of Commerce, Bureau of' Economic Analysis.
Value Added: Value added in current and constant 1972 dollars was calculated
by subtracting materials frcn gross output.—27—
Capital:The net capital stock series in 1972 dollars andthecurrent and
constant1972 dollars gross investment series were taken from theOBA
database.The method bywhichthe capitalstock seriesis constructedis
described in U.S. Department of Labor, Bureau of LaborStatistics (1979). The
user cost of capital was constructed as qK(r+6K11
—u)where qK =
investmentdeflator, cSKdepreciationrate of the capital stock, u =
corporatetax rate and r0.05.
R&D: The stock of total R&D is constructedby the perpetual inventory method
with a depreciation rate 6 .1. The benchmark in 1958is obtained by
dividing total R&D expenditures by the depreciation rate and thegrowth rate
in real value added. The nominal R&D expendituresare taken from National
Science Foundation (198)4) and earlier issues. To avoiddouble counting we
have subtracted the labor and materialcomponents of R&D from the labor and
materials inputs. The GDP deflator for totalmanufacturing is used as a
deflator for R&D.
All constant dollars variables were normalizedby respective sample means.
Prices were constructed confonnably.
Japanese Electrical Machinery Industry
Gross aztput: For the period 1970—1980 the data serieson gross output in
current and constant 1975 yen were obtained from EconomicPlanning Agency
(19814). The data for the period before 1 970 were constructedby connecting
these series with the corresponding seriesreported in Economic Planning
Agency (1980)viaidentical growth rates.—28--
Labor: Total hours worked were calculated as total numbers of employees*
monthlyhours worked *12.For the period 1970—1980 the number of employees
was taken from Economic Planning Agency (19814). For the period before 1970
the number of employees was calculated by connecting this series with the
employment index provided by the Economic Planning Agency (EPA). Monthly
hours worked for the period 1 977—i 980 were obtained from Statistics Bureau
(1985). For previous years monthly hours worked were calculated by using the
monthly hours work index provided by EPA. For the period 1970-1980 total
compensation is reported in Economic Planning Agency (19814). For the period
before 1970 total compensation was calculated by connecting this series with
an index on cash earnings provided by EPA.
Value Added: For the period 1 970-1 980 data on value added in current and
constant1975 yen were obtained fromEconomic Planning Agency (1984). The
data for the period before 1970 were obtained by connecting these series with
thecorresponding series reported in Economic PlanningAgency (1975) via
identical growth rates.
Materials: Materials in current and constant 1975 yen were calculated as the
differencebetween grossoutputand value added.
Capital Stock: Data for the stock of capital andgrossinvestment in 1975 yen
were taken from Economic Planning Agency (1985). A series for current dollar
gross investment wasobtainedfrom the Japanese Ministry of Finance. This
series wasadjustedsuch that it coincided with the constantyenEPA series in
1975.The user cost of capital was constructed analogously to that for the
U.S.-29-
R&D: Current yen R&D expendituresare taken from OECD (1983) and earlier
issues. To avoid double counting we havesubtracted the labor and
material component of R&D from the labor andmaterial inputs. The GDP
deflator for total manufacturing is usedas the deflator for R&D. The
stock of R&D is constructed analogously to thatfor the U.S. with 1965 as
the benchmark year.
A.1l constant yen variables were transformedto a 1972 base and than normalized
by respective sample means. Prices were constructedconfonnably.F0UNOTE
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2.The total factor productivity growth rates arecalculated from the
Tornquist approximation formula (using costshares). The divergencein
totalfactor productivity growth rates is much more pronouncedin a value
added measurement framework. However, Norsworthy and Malrnquist(1983)
found that such a franrk is inappropriate —atleast at the total
manufacturing level.
3.Clearlythe scale elasticity depends for general F() on thevarious
factor inputs. However, to keep the model specification reasonably
parsi tnoneous we have assumed that F ()isharogeneous of constant degree
p.
LLComparee.g. Epstein and Yatchew (1985), Mohnen,Nadiri and Prucha (1985)
and Prucha and Nadiri (1985).
5. Let {Xt,T, Vt,T}T=odenotethe optimal input pathcorrespondingsto (5).
Short—run, intermediate—run andlong—runelasticities then refer to the
elasticities of LXt,T,Vt,T] in periods -r=O,1 and,respectively
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